The ground and first excited states of the hybrid charmoniumccg, with non-exotic quantum numbers J P C = 0 −+ , 1 −− and 1 ++ are investigated using quenched lattice QCD. They are completely ignored in the literature, only because their ground states are degenerate with ηc, J/ψ, and χc1, and are difficult to be distinguished from these conventional charmonium mesons in experiment. However, we observe strong gluonic radial excitations in the first excited states; We predict that their masses are 4.352(225)GeV, 4.379(149)GeV and 7.315(257)GeV, completely different from the first excited states of the corresponding conventional charmonium. Their relevance to the recent discovery of the Y (4260) state and future experimental search for other states are also discussed.
A hybrid mesonqqg is a bound state of constituent quark q, anti-quarkq and excited gluon g. The existence of hybrids is one of the most important predictions of quantum chromodynamics (QCD). There has been a lot of experimental activity [1, 2, 3, 4] in the search for hybrid mesons, for example: PEP-∐(Babar), KEKB(Belle), 12 GeV Jefferson Lab upgraded, upgraded CLEO-c detector, and new BES3 detector.
For a conventional meson in the quark model, which is represented by the fermion bilinearψΓψ, it can have the J P C quantum numbers as J = |L − S|, |L − S| + 1, ......, L + S, P = (−1)
L+1 , and C = (−1) L+S , with L the relative angular momentum of the quark and antiquark, and S the intrinsic spin of the meson. For the gluon, the quantum numbers of the color electric field E and color magnetic field B are 1 −− and 1 +− respectively. According to QCD, the operator of a hybrid meson is the gauge-invariant direct product of the fermion bilinearψΓψ and the color electric field E c1c2 i = F c1c2 0i or color magnetic field B c1c2 i = ǫ ijk F c1c2 jk . Therefore, the quantum numbers of a hybrid meson could be either exotic, with J P C = 1 −+ , 0 +− , 0 −− , 2 +− ......, inaccessible to conventional mesons, or non-exotic, with J P C = 0
....., the same as conventional mesons.
Lattice gauge theory is the most reliable technique for computing hadron spectra. It involves discretization of the continuum theory on a space-time grid, and reduces to QCD when the lattice spacing goes to zero. The implementation of the Symanzik program [5] with tadpole improvement [6] greatly reduces the discretization errors on very coarse and small lattices. Simulations on anisotropic lattices improve the signal in spectrum computations [7] .
The 1 −+ , 0 +− , and 2 +− exotic hybrid mesons have been extensively studied on the lattice. Reviews can be found in Refs. [8, 9] . Recently, we computed the 0 −− exotic hybrid charmonium mass [10] . However, the non- * Email address: stslxq@zsu.edu.cn exotic hybrid mesons are usually ignored in the literature, simply because their ground states are almost degenerate with the conventional mesons [11] .
In this letter, we investigate the J P C = 0 −+ , 1 −− and 1 ++ non-exotic charmed hybrid mesonsccg, employing quenched lattice QCD with tadpole improved gluon [12] and quark [13] actions on the anisotropic lattice. We observe, for the first time, very strong gluonic radial excitations in the first excited states.
Our simulation parameters are listed in Tab. I. We also did simulations on 8
3 × 48 and 12 3 × 48 at β = 2.6, 12
3 × 36 at β = 2.8, and 16 3 × 48 at β = 3.0, but there and throughout the paper we just list the results from the largest volume, i.e., 16 3 × 48 at β = 2.6 and β = 2.8 and 20
3 × 60 at β = 3.0. At each β = 6/g 2 , three hundred independent configurations were generated with the improved gluonic action [12] . It is also important to check whether these lattice volumes are large enough. When the spatial extent is greater than 2.2fm, the finite volume effect on the spectrum is less than 0.1% for the ground state, and 0.4% for the first excited state.
We input the bare quark mass m q0 and then computed quark propagators using the improved quark action [13] , the conventional quarkonium correlation function using the operators 0
, and the hybrid meson correlation function using the operators 0
in Ref. [14] . Figures 1 and 2 shows the correlation function C(t) of the conventional 1 −− and hybrid mesons. The effective masses of the ground and first excited states a t m 1 and a t m 2 are extracted by two different methods: (i) new correlation function method [15] ; (ii) modified multi-exponential fit [16] .
The multiexponential fitting method has been widely used in the literature [11, 13, 17] for extracting the charmonium masses, and the results for the ground and first excited states are consistent with experiments; The MILC group [16] proposed an improved multi-exponential fitting method, which chooses the best fit according to some criteria. The recently proposed method (i) has been successfully applied to the investigation of the Roper reso- We employed the method in Ref. [13] to tune these parameters, κt and κs for the quark action. The last two columns are about the spatial lattice spacing and the lattice extent in physical units, determined from the 1P − 1S charmonium mass splitting [10] , with the effective masses extracted by the method of Ref. [16] . nance of the nucleon [15] , where a t m 1 is obtained from ln(C(t)/C(t + 1)) in the large time interval [t i , t f ], and [15] . Figure 4 shows those for the 1 −− hybrid meson. −− quarkonium as a function of t for β = 2.6 and atmq0 = 0.229, using the new correlation function method [15] . atm1 + atm2 and atm1 are extracted respectively from the plateaux of the upper and lower curves, with [t * i , t * f ] = [1, 10] and [ti, t f ] = [11, 23] .
The data at two m q0 values were interpolated to the charm quark regime using M (1S) exp = (m(η c ) exp + 3m(J/ψ) exp )/4 = 3067.6MeV. The results obtained by the method of Ref. [16] are listed in Tabs. II and III respectively for the ground and first excited states.
The first excited state masses for the conventional 0 −+ , 1 −− and 1 ++ charmonium mesons as a function of a 2 s are plotted in Fig. 5 , and those for the hybrid charmonium mesons are plotted in Fig. 6 . They indicate the linear dependence of the mass on a 2 s . By linearly extrapolating the data to a 2 s → 0, we obtained the spectrum in the continuum limit, which are listed in Tabs. II and III.
As shown in Tab. II, in the continuum limit, the masses of the 0 −+ , 1 [16] , interpolated to the charm quark sector. The results in the continuum limit (β = ∞) were obtained by linearly extrapolating the data to a 2 s → 0. The results in the continuum limit(*), with the effective masses extracted by the method of Ref. [15] are also listed. The last line (**) is the average of the results in the continuum limit from these two methods. conventional charmonium with the same quantum numbers. This might mislead people into giving up further study of the non-exotic hybrids.
The last line of Tab. III shows in the continuum limit the first excited state masses of the conventional charmonium and non-exotic hybrid charmonium. The results for the conventional 0 −+ and 1 −− charmonium are in good agreement with the experimental data 3.638 and 3.686 for η c (2S) and ψ(2S), which supports the reliability of the methods. Although there has not been experimental input for χ c1 (2 3 P 1 ), our result is consistent with earlier lattice calculations [13, 17] .
The minor differences between the data and experiments might be due to the quenched approximation used in the paper.
What new is that the first excited states of non-exotic This also teaches a very important lesson. One should carefully study not only the ground state, but also the excited states. Sometimes, the excited states show more fundamental properties of a hadron.
Finally, we discuss the new state Y (4260), recently observed by the BaBar experiment [18] in the J/ψπ + π − channel. It has the quantum numbers J P C = 1 −− .
There have been several phenomenological descriptions [19, 20, 21, 22, 23, 24, 25] of this state: as tetra-quarks, a molecule of two mesons, ψ(4S), or as a hybrid meson; However, most these assumptions were not based on QCD spectrum computations.
If Y (4260) is a hybrid meson, from the last line of Tab. II, it could certainly not be identified as the ground state of the 1 −− hybrid meson. However, from our lattice QCD spectrum calculations (the last line of Tab. III), it is most probably the first excited state of the 1 −− hybrid charmonium. Further experimental study of the decay modes will clarify this issue.
From the last line of Tab. III, one sees that the first excited state mass of the 0 −+ hybrid charmonium is about the same as that of the 1 −− hybrid charmonium, but much lighter than the first excited state of the 1 ++ hybrid charmonium. It should not be very difficult to find it in future experiment.
